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0RVW RI WKHVH SURGXFHG UHIXVHVDUH PXQLFLSDO VROLG ZDVWH DQG WDNLQJ LQ DFFRXQW WKH SURMHFWLRQV WKH









GHVLJQHG E\ WKH 6ZHGLVK FRUSRUDWLRQ(QYDF WRGD\ LV GLIIXVHG LQ VHYHUDO FRQVROLGDWH XUEDQ DUHDV DV LQ 6SDLQ
'HQPDUN*HUPDQ\HWF
2QHPDMRUSUREOHPRI WKLVV\VWHPLV UHODWHG WR WKH LQYDVLYHQHVVRI WKH LQVWDOODWLRQDQG WR WKHFRVWRI WKHHQWLUH
V\VWHP'HVSLWHWKLV³WKHPDQDJHPHQWRIZDVWHWKURXJKXQGHUJURXQGGHYHORSHGLQIUDVWUXFWXUHFDQEHORRNHGDVDQ
LPSRUWDQW HYROXWLRQZKLFKZRXOG DOORZ IRU WKH HIILFLHQW DQG FRVWHIIHFWLYH WDFNOLQJ RI RQH RI WKHPRUH SUHVVLQJ
QHHGV RI PRGHUQ VRFLHW\´ ,6:$ (IIHFWLYHO\ WKH YDFXXP V\VWHP KDV VHYHUDO VWUHQJWKVDV FROOHFWLRQ RI
UHF\FODEOHZDVWHQHDURULJLQSODFHDXWRPDWLFWUDQVSRUWRIZDVWHE\UHGXFLQJHQYLURQPHQWDOLPSDFWUHODWHGWRHQHUJ\
FRQVXPSWLRQ DQG JDVHRXV HPLVVLRQVLQFHQWLYH IRU UHF\FOLQJLPSURYHPHQW RI XUEDQ VSDFH TXDOLW\ DQG OLYHDELOLW\
KLJKK\JLHQLFVWDQGDUGVOLQNHGWRWKHHOLPLQDWLRQRIEDFWHULDOGLIIXVLRQVDQGRGRUSUREOHPVDQGOLPLWHGPDLQWHQDQFH
UHTXLUHPHQWV0LOOHU -DFNVRQ)RUH[DPSOH LQ7HHULRMD	DO356LVFRQVLGHUHGVXSHULRU WR
WUDGLWLRQDOFROOHFWLRQPHWKRGVEHFDXVHLWUHGXFHVWKHQHJDWLYHLPSDFWVRIYHKLFOHEDVHGZDVWHFROOHFWLRQDQGPDNHV
VHSDUDWLRQPRUHDWWUDFWLYHIRUKRXVHKROGV,QDGGLWLRQDOVRIURPWKHHFRQRPLFSRLQWRIYLHZWKH356LQVWDOOHGLQD
QHZ UHVLGHQWLDO DUHD ORZHUV FRVWV IRU KRXVHKROGV FRPSDUHG WR D WUDGLWLRQDO GRRUWRGRRU ZDVWH FROOHFWLRQ
V\VWHP-DFNVRQ2WKHUVWXGLHVKDYHH[DPLQHGWKHSRVLWLYHHIIHFWVRID356LQH[LVWLQJEXLOWDUHDV,Q WKHVH
FDVHV WKH V\VWHP LV FRQYHQLHQW LQ GHQVHO\ SRSXODWHG XUEDQ DUHDVLQ WKH EXLOGLQJV XQGHU UHQRYDWLRQ RU SDUWLDO
UHFRQVWUXFWLRQ3XQNNLQHQ	DO
7KHSRVVLELOLW\WRVWXG\WKHV\VWHPLVDQLQWHUHVWLQJRSSRUWXQLW\LQDPHWURSROLWDQGLPHQVLRQLQRUGHUWRPDQDJH
WKH HQWLUH F\FOH DQG WKH SRVVLEOH ZDVWH UHXVH 7KH PHWURSROLWDQ GLPHQVLRQ URRWHG LQ (XURSHDQ FRXQWULHV DQG
LPSOHPHQWHG E\ WKH UHFHQW ,WDOLDQ OHJLVODWLYH FKDQJHV '/JV Q UHSUHVHQWV DQ FKDQFH WR UHWKLQN WKH
SODQQLQJ PHWKRGRORJLHV RI ZDVWH PDQDJHPHQW LQ WKH WHUULWRULHV DQG WR FRQVROLGDWH QHZ VXVWDLQDEOH SDUDGLJPV
VXPPRQHG7KHUHVHDUFK LV UHVWULFWHG WRVRXWKHUQFRPSOH[JHRJUDSK\ WKDW UHSUHVHQWVRQHRI WKH³PRVW LQWHUHVWLQJ
IRUPV WKH XQILQLVKHG ,WDOLDQ PHWURSROLWDQ SURFHVV´ *XLGD  FKDUDFWHUL]HG E\ D SRO\FHQWULF V\VWHP RI
DJJORPHUDWLRQVZLWKGLIIHUHQW GLPHQVLRQEXWZLWK VLPLODUPRUSKRW\SRORJLFDO DQGKLVWRULFDO IHDWXUHV7KLV UHVHDUFK
DLPV WR LQYHVWLJDWH WKHIHDVLELOLW\RID356LQ WKLVSHFXOLDUXUEDQVWUXFWXUHRI6RXWK ,WDO\DQDO\VLQJ WKHHFRQRPLF
FRQYHQLHQFHRIWKH6\VWHPLQDQH[LVWLQJXUEDQDUHD7KHUHVHDUFKLVGLYLGHGLQWRWZRFRQVHTXHQWLDOSKDVHVWKHILUVW
VWHSDQDO\VHVWKHFRUUHODWLRQEHWZHHQWKH356FRVWDQGXUEDQGHQVLW\LQGLFDWRURIILYHPXQLFLSDOLWLHVZLWKGLIIHUHQW
QXPEHU RI LQKDELWDQW RI WKH /HFFH 3URYLQFH7KH VHFRQG SKDVH DQDO\VHV WKH FRVW HIIHFWLYHQHVV RI WKH 356
K\SRWKHWLFDO LQVWDOODWLRQ LQ RQH RI WKH H[DPLQHG PXQLFLSDOLW\ LQ D KLJKGHQVLW\ GLVWULFW 7KLV FDVH VWXG\





ZDVWH JHQHUDWLRQ SURSRVHV D OHJDO IUDPHZRUN UHJXODWLQJWKH HQWLUHZDVWH F\FOHZLWK DQ HPSKDVLV RQ SUHYHQWLRQ
UHF\FOLQJ DQG UHFRYHU\ UHGXFLQJ WKHXVHRI UDZPDWHULDOV E\ LPSURYLQJ WKH HIILFLHQF\ DQG WKH HQYLURQPHQW DQG
KXPDQKHDOWKSURWHFWLRQ0HPEHU6WDWHVDUHUHTXLUHGWRWDNHVWHSVWRHQVXUHWKDWE\DWOHDVWRIKRXVHKROG
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ZDVWH KDYH WR EHUHF\FOHG RU UHXVHG IRU QHZ SURGXFWV (&  ,Q (XURSHPDQ\ YLUWXRXV VWDWHV KDYH DOUHDG\
UHDFKHG LPSRUWDQW JRDOV FRQIHUULQJ QHDUO\ ]HUR ZDVWH WR ODQGILOO ZLWK UHFRYHU\ RI PDWHULDOV DQG HQHUJ\ ,Q
6ZLW]HUODQG DQG 'HQPDUN IRU H[DPSOH DERXW  RI ZDVWH JRHV WR LQFLQHUDWRU WKH UHPDLQLQJLV UHF\FOHG 7KH
,WDOLDQVLWXDWLRQLVIDUDZD\IURP(XURSHDQYLUWXRVLW\RYHURI,WDOLDQZDVWHHQGVXSLQODQGILOOV,Q,WDO\WKHLQ
IRUFH OHJLVODWLRQ IRUZDVWHPDQDJHPHQW LV WKH ³TestoUnicoAmbientale´/HJLVODWLYH'HFUHH $SULO  Q 







,W LV WKHUHIRUHDWWKH SURYLQFLDO VFDOH VLPLODU WR PHWURSROLWDQ RQH RQ ZKLFK ZH FRXOG DFW IRU RUJDQLF ZDVWH
GLVSRVDO SURJUDP IURPGLIIHUHQW K\SRWKHWLFDO SQHXPDWLF V\VWHPV LQVWDOOHG LQ WKHPXQLFLSDOLWLHV E\PDQDJLQJ WKH
ZKROH ZDVWH F\FOH ZLWK WKH SULQFLSOH RI WKH &LUFXODU (FRQRP\ 0DF$UWKXU 7KH 5HJLRQDO 3ODQ RI 8UEDQ
:DVWH0DQDJHPHQW 35*58  DSSURYHG E\ WKH 5HJLRQDO &RXQFLO 5HVROXWLRQ QUR  RI $SXOLD 5HJLRQ
RIIHUV WKH SRVVLELOLW\ WR H[DPLQH WKH356 DV HIIHFWLYH DOWHUQDWLYH ,Q GHWDLO WKH35*58SURSRVHV WHVWLQJRI QHZ
PDQDJHPHQWPRGHOVDV356EDVHGRQVHOIVXVWDLQDEOHXVHRIZDVWHDVDUHVRXUFH
&DVH6WXG\0HWKRGRORJ\








IXQFWLRQDO DQGPRUSKRW\SRORJLFDO FULWHULD DV+LVWRULFDO&HQWHU&RQVROLGDWHG&LW\&RQWHPSRUDU\&LW\3HULXUEDQ




EXLOGLQJGHQVLW\ >PP@:KHQ WKHJHQHULFVLWHKDVEHHQFKRVHQ LW LVQHHGHG WRGHILQH WKHGHOLPLWDWLRQRI WKRVH
DUHDV7KHIDFWRUVWKDWLVQHFHVVDU\WRGHWHUPLQHKRZH[WHQGHGZLOOWKRVHDUHDVEHDUHQXPEHURILQKDELWDQWVDQGWKH




QXPEHU RIZDVWH LQVHUWLQJ GRFNV ZLOO EH FDOFXODWHG $FFRUGLQJ WR WKH QXPEHU RI IORRUV DQG WR WKH VKDSH RI WKH







WKH IORRU KHLJKW HTXDO WR  PHWHUVDQG DVVXPLQJ D PHDQ YDOXH RI WKH JHQHULF EXLOGLQJ WRWDO KHLJKWDQG WKHQ WR
FDOFXODWHWKHEXLOGLQJGHQVLW\IURPWKLVODVWYDOXHLWLVSRVVLEOHWRFRPSXWHWKHXUEDQGHQVLW\7KHQXPEHURIPXOWL
IORRUEXLOGLQJVDQG WKHQXPEHURI IORRUVDVZHOODUHREWDLQHGE\IL[LQJWKHQXPEHURI IORRUVSHUEXLOGLQJDQG WKH
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QXPEHURIDSDUWPHQWSHUIORRU6XSSRVLQJWKDWDVLQJOHIDPLO\XQLWLVFRPSRVHGE\SHRSOHWKHQXPEHURIGRFNVSHU
EXLOGLQJDQGWKHQXPEHURIGRFNVSHUIORRUFDQEHVLPSO\FDOFXODWHMXVWNQRZLQJWKHQXPEHURILQKDELWDQWV6WDUWLQJ
IURP WKH FRPSXWDWLRQ RI WKHVH YDOXHV LW LV SRVVLEOH WR VXPPDUL]H WKH LQIRUPDWLRQ UHODWHG WR WKH H[DPLQHG
PXQLFLSDOLWLHVDQGWRHDFKWKHLU8UEDQ0RUSKRORJLFDO=RQHVDQGWRGHWHUPLQHWKH356VSHFLILFFRVWSHULQKDELWDQW
7DEOH±([DPLQHG&LWLHV&KDUDFWHULVWLFGDWD
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5HIHUULQJWR7DEOHODVWWZRFROXPQVUHSRUWHLWKHUWKHWRWDODQGWKHVSHFLILFFRVWRIWKH356WKHVSHFLILFFRVWLV
FRPSXWHGGLYLGLQJ WKH WRWDO FRVW E\ WKH QXPEHU RI LQKDELWDQWV7KH WRWDO FRVW RI WKH356 V\VWHP LV FDOFXODWHGE\
FRQVLGHULQJ WKH XQLWDU\ FRVW RI HYHU\ LQVWDOOHG IDFLOLWLHV DQGPXOWLSO\LQJ LW IRU WKH SURSHU TXDQWLW\ )RU WKH VDPH







EULQJ RXW GLIIHUHQW FRVW SHU IDPLO\ XQLW GHSHQGLQJ RQ WKH IL[HG WLPH LQWHUYDO 7KLV DOORZV WR FRQVLGHU GLIIHUHQW
UHSD\PHQWSODQVDQGGLIIHUHQWUHSD\PHQWSHULRGVDFFRUGLQJWRWKHWD[UHJLPHWKHSXEOLFVXEVLG\LISURYLGHGRUWKH
SRSXODWLRQ ZHDOWK &RQVLGHULQJ WKH UHVXOWV RI WKH VSHFLILF FDVH UHJDUGLQJ WKH ILYH H[DPLQHG PXQLFLSDOLWLHV LW LV
LPPHGLDWH WRQRWLFH WKDW WKH WUHQGRI WKHVSHFLILFFRVWV LV WKHVDPHLQGHSHQGHQWO\RI WKHPXQLFLSDOLW\ ,WKDVEHHQ
YHULILHGWKDWWKHVSHFLILFFRVWWUHQGKDVDGHFUHDVLQJWUHQGZLWKWKHLQFUHDVLQJRIWKHXUEDQGHQVLW\YDOXH
2QFH WKH DQDO\VLV UXQ EHIRUH KDV WHUPLQDWHG LW LV SRVVLEOH WR PDNH WKH VHFRQG SKDVH RI WKH VWXG\ VWDUW DV
SUHYLRXVO\VWDWHGWKHODVWSKDVHRIWKHSURSRVHGDQDO\VLVUHJDUGVWKHFRVWHIIHFWLYHQHVVRIWKHLQVWDOODWLRQRIWKH356
LQRQHRI WKHPXQLFLSDOLW\DQDO\VHGPRUHVSHFLILFDOO\/HFFHFRPSDUHG WR WKHFRVWVUHODWLYH WR WKHDFWXDOZD\ WR
PDQDJH ZDVWH ,Q RUGHU WR PDNH WKLV FRPSDULVRQ UHDVRQDEOH WKH GLIIHUHQW FRVW HQWULHV KDYH WR EH FRQVLGHUHG
VLQJXODUO\ DQG IRU HDFKRQH LW LV QHFHVVDU\ WR SHUIRUPDYDULDWLRQ FRVW IRUHFDVW UHODWLYHO\ WR WKH DFWXDO WUDGLWLRQDO
ZDVWHFROOHFWLRQV\VWHP$FFRUGLQJWRWKHJUDSKLQ)LJWKHFRVWDQDO\VLVKDVEHHQUXQFRUUHVSRQGLQJWRDXUEDQ
GHQVLW\HTXDOWRDERXWLQKPWKDWLVWKHYDOXHWKDWGHVFULEHVWKHFKDUDFWHULVWLFVRIWKH3HULXUEDQ&LW\DUHD







5HJDUGLQJ WKH UHVXOWV UHODWHG WR WKH SUHYLRXV DQDO\VLV DQG FRQVLGHULQJ WKH RXWSXW YDOXHV UHODWHG WR WKH FDVH RI
/HFFHWKHPRVWFRPSOHWHRQHWKHXVHRIDZDVWHWUDQVSRUWDQGPDQDJHPHQWV\VWHPOLNHWKHRQHSUHVHQWHGLQWKLV
SXUSRVHFDQHQDEOHDVXEVWDQWLDOSXEOLFPRQH\VDYLQJDQGDWWKHVDPHWLPHDUHPDUNDEOH&2VDYLQJSURFHVV%RWK
WKHVH HIIHFWV DUH HQDEOHGPDLQO\ IRU WZR VWULFWO\ FRQVHTXHQWLDO UHDVRQV 7KH ILUVW RQH LV WKDW XVLQJ D EXULHG SLSH















FDXVHG E\ WKH VHYHUH UHGXFWLRQ LQ WKH QXPEHU RI WUXFN DQG YHKLFOHV GHSXW\ WR WKH ZDVWH FROOHFWLRQ *LYHQ WKLV
UHGXFWLRQHYHQ WKHQXPEHURIZRUNHUFDQEH UHGXFHGFDXVLQJ WKHGLIIHUHQFHEHWZHHQ WKHDFWXDOFRVWDQG WKH356
RQH)LQDOO\XVLQJDQKLJKO\HIILFLHQWV\VWHPOLNH356DOORZVWRUHDFKYHU\KLJKUHF\FOLQJSHUFHQWDJH7KDWHQDEOHV
WKHUHGXFWLRQRIWKHWD[HVWKDWWKHFLW\RI/HFFHKDYHWRSD\EHFDXVHWKHKLJKTXDQWLW\RIQRWUHF\FOHGZDVWH$VD
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7KLV NLQGRI ³YLUWXRXV ORRS´ FRXOG EH HQDEOHGRQO\ LQPHWURSROLWDQ DUHDV GXH WR WKH UHODWLYH KLJK TXDQWLW\ RI
RUJDQLF IUDFWLRQ UHTXLUHGDQGGXH WR WKHYDULHW\RIELRPDVVHVZKLFKDUHQHHGHG IRU WKHSURGXFWLRQRIELRJDV ,QD





DSSOLFDWLRQRI WKHFRPSHWHQFHVRQ WKHRUJDQL]DWLRQRIZDVWHUHFRYHU\DQGGLVSRVDO WKDW3URYLQFHVKDYH LQ,WDO\,Q
GHWDLO LW LV SURSRVHG WKH HFRQRPLF SUHVVXUH VXVWHQDQFH RI WKH WHFKQRORJLFDO V\VWHP WKDQNV WR WKH XVH RI RUJDQLF
ZDVWH PDWHULDO FROOHFWHG E\ WKH 3QHXPDWLF 5HIXVH 6\VWHP IRU WKH SURGXFWLRQ RI HOHFWULFDO HQHUJ\ DQG IRU
YHKLFOHVIXHOLQJ ZKLFK LV XVHIXO ERWK WR IHHG WKH HQWLUH LQIUDVWUXFWXUH DQG WR SURYLGH FRVW VDYLQJV DQG EHWWHU
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